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Figure 1: Map of sites with radiocarbon and non-radiocarbon ages across Australia, and included in this dataset. The dates are further divided between Pleistocene (10-50,000 cal. years BP) and Holocene (10,000-0 cal. years BP).
Background
It has been 20 years since Smith and Sharp (1993) undertook the first comprehensive review of archaeological ages across Australia and used them as a proxy for exploring human activity in the Pleistocene. It was a pioneering paper, building on the preliminary application of these techniques in Australia by Bird and Frankel (1991) , and with several similar studies to follow (e.g. Holdaway and Porch 1996; Lourandos and David 1998; Ulm and Hall 1996) .
The last few years has witnessed increasing use of radiocarbon data as a mainstream proxy with which to explore archaeological trends, facilitated by the increasing publication of large datasets and the availability of calibration and statistical software such as Oxcal, Calpal and R (e.g. Buchanan et al. 2008 Buchanan et al. , 2011 Collard et al. 2010a Collard et al. , 2010b Peros et al. 2010) . In Australia, these advances have not gone unnoticed and, as part of recent research, we have now compiled an archaeological age dataset for Australia. This dataset has been sequentially published as a number of regional datasets and has been used to improve time-series and summed probability methods (Williams 2012) and as a proxy for prehistoric demography (Johnson and Brook 2011; Ulm 2013; Smith et al. 2008; Turney and Hobbs 2006; Williams et al. 2008a Williams et al. , 2010 Williams 2013) . While these regional datasets exist, the complete dataset has special value in allowing trends across an entire continent to be tracked. While not exhaustive, the dataset provides a key resource for researchers with an interest in Australian archaeology, and forms an online repository for ongoing analysis, allowing further additions or amendments in the future. It also provides an indication of the extent and spread of archaeological work across the country to date, and areas where further work may be needed.
Here, we present the complete Australian dataset and undertake a brief review of its composition, strengths and weaknesses.
Scope
The dataset was compiled and published sequentially by region starting initially with Queensland (Ulm and
Reid 2000), the arid zone (Williams et al. 2008b ), the top end (Williams and Smith 2012) and finally the http://intarch.ac.uk/journal/issue36/6/williams.html 3/12 southern latitudes and Tasmania (Williams and Smith 2013) (Figure 2) . The dataset includes all radiocarbon and non-radiocarbon ages associated with archaeological deposits published in the last 60 years of research (Figure 3 Overall, information has been obtained from 1,067 publications in the development of the dataset, with several hundred more being examined but failing to contain pertinent data. Of these publications, 583
(55%) were journal articles; 51 (5%) were books; 159 (15%) were book chapters; 100 (9%) were unpublished undergraduate or postgraduate theses; 164 (15%) were unpublished consulting/commercial reports; and 10 (1%) came from other sources.
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Dataset Composition
The dataset is comprised of a spreadsheet of radiocarbon and non-radiocarbon ages and a spreadsheet of references from where the data was obtained. In addition, a searchable database of the data is available via the Archaeology Data Service . Longitude/Latitude The spatial location of the site the date was recovered from in decimal degrees.
Site Name The name of the site the date was recovered from.
Site Type
The type of site the date was recovered from (e.g. rockshelter, midden, burial etc).
Lab Code
The unique laboratory code assigned to the respective age. A list of radiocarbon laboratories is available at http://www.radiocarbon.org/Info/lablist.html Age The determined age.
Age Error
The error assigned to the determined age.
Carbon-13 Value If provided, the 13C isotope value provided with the radiocarbon age.
Carbon-13 Value Error If provided, the error for the 13C isotope value provided with the radiocarbon age.
Material Type Detailed description of the type of material dated (e.g. wood, charcoal, shell etc).
Context
A brief description of the date location within the excavations (e.g. the test pit and/or stratigraphic unit containing the sample).
Depth from Surface (cm)
The depth of the date in relation to the surface (or datum) of the site it was recovered from.
Material Top Level
The type of material dated (e.g. bone, charcoal, freshwater shell, marine shell etc).
Method
The method used to calculate the age (e.g. radiocarbon, TL, OSL etc).
Technique
Where relevant, this field notes details of the age determination technique, particularly for luminescence ages.
Data pertinent for time-series analysis or calibration
This field is provided to assist in calibration and/or time-series analysis. It identifies which dates are terrestrial versus marine (the latter requiring additional reservoir correction), and which dates are unusable in time-series analysis, since they do not contain required information (such as location, material dated, radiocarbon errors etc).
Open or Closed Site
This field records whether the site was closed (i.e. a rockshelter, cave or other enclosed site) or open (i.e. an artefact scatter, midden on a beach etc), and is used in the application of taphonomic techniques in timeseries analysis. Please note that 'closed' does not relate to availability or accessibility of information.
Directly related to Where possible to do so, this field records whether a date could be directly applied to a human activity, such as a hearth or burial, or whether it was simply part of a wider archaeological deposit. This information was http://intarch.ac.uk/journal/issue36/6/williams.html 5/12 occupation recorded to assist in the development of time-series analysis.
Source
The publication where the age was sourced from.
Notes
A brief description of the archaeological site and any findings from which the age was documented. The field also documents any issues with the age (such as erroneous lab code, or possible duplication etc). Please note that this section was substantially developed only in AustArch 2 and 3, and as such several dates have limited information in this field.
Record Source A summary of whether the entry was measured using radiocarbon or non-radiocarbon techniques.
Date Issues This data field provides further detail on whether the entry was considered erroneous by the researchers and/or whether the entry was not related to human activity.
Age Norm Duplicate of the Age field, but without any non-numerical data to facilitate searching.
Additional Data Issues
This data field identifies were we have inferred information from a publication to produce the entry, such as where the spatial location has been determined from a published map.
Ages are recorded with a series of relevant information (Table 1) For each age, a range of site information is presented, including the name of the site, the context of the dated sample within the site (i.e. test pit, depth below surface, context), material type dated, and relevant references. We have also included a short description of each archaeological site and its findings in the most recent databases, specifically AustArch 2 and 3 (n=2,374 or 74%); the usefulness of this inclusion only became apparent partway through the dataset compilation and is not present in AustArch 1 or IDASQ, but we are hoping to rectify this in the future. The un-calibrated radiocarbon date and error, along with any http://intarch.ac.uk/journal/issue36/6/williams.html 6/12 associated information on 13 C isotope values (which is infrequently published) is also included.
In addition to the archaeological site information, we have included a number of additional fields to support analysis of the dataset and application to time-series or summed probability investigations. Specifically, we include fields of finite identifiers that outline whether the date requires terrestrial or marine calibration, or whether it is unusable (generally due to a lack of key information). We identify whether the site is a closed or open site -this is purely a geomorphic interpretation and is required to apply taphonomic correction procedures after Surovell et al. (2009 ) and/or Williams (2012 . We also identify whether a date directly relates to a human activity (i.e. burial, hearth etc) or was taken from detrital charcoal or other material within a larger archaeological deposit -this information allows consideration of how much the dataset can be considered to directly relate to 'occupation episodes' or events, which is becoming more important in recent studies (e.g. Peros et al. 2010; Williams 2013) . These fields are our interpretations of the data, and not necessarily those of the original researchers.
Where we have identified minor issues within the dataset, such as a researcher using the same laboratory code for two different ages, we have highlighted them in separate fields identified as 'Data Issues' and 'Additional Data Issues'. The same data fields also include other problems, including when only a general location is known, or interpreted from a figure within the publication; where data are correct but do not necessarily relate to human activity (such as dating of deposits under-lying an archaeological site); and where data are considered erroneous by researchers, or have gaps in the published information. Where such issues are considered to be major, the date is listed as 'unusable'.
Strengths and Weaknesses of the Dataset
Since the development and release of various parts of the dataset, it has proved a well-used resource for a range of research and consulting/commercial works, however its main application has been in the development of time-series or summed probability analyses. Here we outline some of the strengths and weaknesses of the dataset to assist researchers in their application and interpretation of the dataset in these forms of analyses. The main strengths of the dataset include (note the figures below exclude the 462 dates that are classified as 'unusable'):
A significant proportion of the ages (82%) was processed in the last 20-30 years ( Figure 3 ). This is a period that saw significant advances in pre-treatment, measurement (e.g. Accelerator Mass
Spectrometry), and instruments for radiocarbon dating (e.g. Bird et al. 1999; Hedges and Gowlett 1984) , and improves the reliability of the dates within the dataset. A large proportion of the data reflect only a single age from their respective archaeological site ( Figure   7 ). To use the data as a proxy for human occupation, it is intrinsically assumed that the ages accurately reflect the archaeological sequence from which they are taken. However this assumption breaks down when the sequence in question is inadequately dated. For example, Puritjarra rockshelter has 39 ages throughout its sequence, and therefore the development of a time-series analysis from the http://intarch.ac.uk/journal/issue36/6/williams.html 8/12 data will accurately reflect the chronology and intensity of occupation at this site, whereas Artefact Creek Waterfall rockshelter with only one age would not reproduce a valid curve. There are 873 (53%) instances where only one age has been reported at a site, this increases to 1,413 (86%) when considering records with less than four dates. Several areas where archaeological research has focussed on a specific site or locale, leading to extensive numbers of ages reflecting largely the same occupation episode, and having ramifications in time-series analysis in the form of artificial peaks. This issue can be largely constrained to two main locations:
the Murray Darling Depression where filling of palaeo-lakes in the Darling River and Willandra
Lakes (e.g. Lake Mungo) through the Last Glacial Maximum (LGM) led to a focus of archaeological evidence in a period that more widely has relatively sparse archaeological evidence; and Tasmania where expansion of peri-glacial button grasslands similarly led to an unusual peak in human occupation during the LGM. More broadly, the location and age of dates from marine samples are generally limited by sea-level trends in the past, with Pleistocene-aged samples restricted to areas where the coastline has not been submerged in the recent past. There are also a few sites where detailed analysis results in a similar issue, such as Ngarrabullgan rockshelter were 55 dates were reported (David and Wilson 1999) . 
Re-use potential/Future work
Here, we present the most comprehensive dataset of archaeological ages for Australia. However, while containing virtually all published and extensive unpublished information, there are a number of deficiencies that we highlight to improve the dataset in the short-term, and to form a focus for the archaeological community into the future.
In the short-term, the dataset can be significantly improved by the incorporation of all unpublished data, particularly produced in the commercial/consulting sector. The data are not readily available, often contained in State or local repositories and/or by individual companies. Commercial/consulting work has been extensive in the last decade, most notably in Victoria and Western Australia, and the incorporation of http://intarch.ac.uk/journal/issue36/6/williams.html 9/12 data from these States would provide a significant increase in ages for both arid and temperate regions.
Improved publication of age data would also greatly improve the dataset. As outlined above, some 462 (9%) ages could not be used in the analysis since adequate information was not provided. We recommend that all journals ensure minimum information as outlined in Table 1 is obtained for all ages to be published.
We highlight the absence of 13 More widely, the dataset highlights a number of areas across Australia where our archaeological knowledge is minimal. Only 25 of 89 bioregions (28%) contained 50 or more ages, and these are primarily located on the periphery of the continent (Figure 8 ). Almost three-quarters of the continent, some 5.9 million km², contains fewer than 50 ages, with several bioregions having no previous evidence of archaeological investigation. We believe that these areas should form the focus of future archaeological research, most notably those between the tropical north (Arnhem Plateau) and the central deserts; between the central deserts and the temperate south; and the western deserts between the southwest coastline, central deserts and Pilbara -all areas where people must have travelled extensively throughout the last 50,000
years, but for which no evidence to date has been published. Given the ubiquitous nature of archaeological material across Australia, we consider it unlikely that humans never occupied these areas, but rather that investigation has simply yet to happen.
Relationship to other publications
See References.
